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(54) SURFACE ANALYZER 

(57)Abstract: 

PURPOSE: To obtain a surface analyzer by which a very 
small region can be analyzed to the same extent as a 
scanning tunneling microscope(STM) by a method wherein a 
prescribed voltage is applied to a part to be analyzed, the 
part is irradiated with a laser beam and generated ions are 
mass-analyzed. 

CONSTITUTION: A laser-beam generation part 7 which 
shines a laser beam 18 at a sample chamber 124 is installed 
at the.side face of a vacuum chamber 11. In addition, an ion 
extraction hole 126 is made in another sidewall of the 
sample chamber 124, and an ion extraction electrode 13 is 
fixed to it. Then, a part whose analysis is required is 
designated on the basis of an image on the surface of a 
sample which has been measured with an STM, a probe 121 
is moved to the part and the probe 121 is brought close to 
a sample 122 until a tunnel current flows across them. Then, 
the inside of the sample chamber 1 24 is irradiated with the 
laser beam 1 8. and a voltage which is higher than an 
observation voltage is applied across the probe 121 and the 
sample 122. Thereby, atoms in a very shallow layer on the surface of the sample 122 are volatilized 
so as to be changed into ions. The ions 19 are mass-analyzed by a mass-analytical part 15 or the 
like. 
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* NOTICES * 

JPO and NCIPI are not responsible for euiy 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] a) The probe which made the head acute, and a probe migration means to hold b probe 
movable to the front face of a sample, c) A sample and a probe on one [ an enclosure and ] side face A 
laser photoconductive inlet port and the specimen container which while is another and equipped the 
side face with ion emission opening, d) The laser Mitsuteru gunner stage which irradiates laser light near 
the head of a probe through the laser photoconductive inlet port of a specimen container, e) An ion 
extract means to extract the ion in a specimen container from ion emission opening of a specimen 
container, f) A mass analysis means to perform mass analysis of the ion extracted by the ion extract 
means, g) While controlling a probe migration means, impressing the 1st predetermined electrical 
potential difference between a probe and the front face of a sample so that the turmel current which 
flows between a probe and conductive sample front faces serves as a fixed value Surface analysis 
equipment characterized by having the control section which atomizes the front face of a sample by 
impressing the 2nd predetermined electrical potential difference higher than the 1st predetermined 
electrical potential difference. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface analysis equipment of a conductive (a semi- 
conductor is included) sample which analyzes a front face (nm order) very much. 
[0002] 

[Description of the Prior Art] In recent years, a scanning tunneling microscope (Scanning Tvmneling 
Microscope=STM) can be developed, and the irregularity on the front face of the matter can be observed 
now to the order of atomic level. The principle of STM is as follows. Predetermined potential (about 
[ Usually 0.1-2 ] V) is impressed between the metal probes which made a conductive sample and a 
conductive head acute, and both are close brought until tunnel current flows among both. The distance 
between the end of the probe at this time and a sample front face is usually about several angstroms. The 
three-dimension configuration on the front face of a sample can be measured by carrying out the two- 
dimensional scan of the probe along the front face of a sample, controlling the distance between a probe 
and a sample so that this tunnel current becomes fixed. 

[0003] By making higher than the electrical potential difference at the time of the above-mentioned 
observation the electrical potential difference impressed between a probe and a sample, and removing 
the atom of the front face of a sample, the method of performing detailed processing on a sample front 
face is also already developed. 
[0004] 

[Problem(s) to be Solved by the Invention] Although much information about a sample is acquired by 
observing the irregularity of the front face of a sample for a high scale factor in this way, when a unique 
part etc. is discovered in the concavo-convex image of the front face obtained by observation, the 
analysis beyond it is impossible only by the concavo-convex image. 

[0005] The place which accomplishes this invention in order to solve such a technical problem, and is 
made into the object is to offer the surface analysis equipment which can analyze the minute field of the 
order of level comparable as observation by STM. 
[0006] 

[Means for Solving the Problem] The surface analysis equipment concerning this invention 
accomplished in order to solve the above-mentioned technical problem a) The probe which made the 
head acute, and a probe migration means to hold b probe movable to the front face of a sample, c) A 
sample and a probe on one [ an enclosure and ] side face A laser photoconductive inlet port and the 
specimen container which while is another and equipped the side face with ion emission opening, d) The 
laser Mitsuteru gunner stage which irradiates laser light near the head of a probe through the laser 
photoconductive inlet port of a specimen container, e) An ion extract means to extract the ion in a 
specimen container from ion emission opening of a specimen container, f) A mass analysis means to 
perform mass analysis of the ion extracted by the ion extract means, g) While controlling a probe 
migration means, impressing the 1st predetermined electrical potential difference between a probe and 
the front face of a sample so that the tuimel current which flows between a probe and conductive sample 
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front faces serves as a fixed value It is characterized by having the control section which atomizes the 
front face of a sample by impressing the 2nd predetermined electrical potential difference higher than 
the 1st predetermined electrical potential difference. 

[0007] 

[Function] Impressing the 1 st predetermined electrical potential difference (observation electrical 
potential difference in the usual STM) between a probe and the front face of a sample first, it adjusts the 
distance between a probe and a sample front face with a probe migration means, and a control section 
carries out the two-dimensional scan of the probe to a sample so that the tunnel current which flows 
between a probe and sample front faces may serve as a fixed value. In addition, of course, a probe may 
be fixed, a sample may be moved and both both may be moved. Thereby, the concavo-convex image on 
the front face of a sample is measured. Next, a control section moves a probe to the part directed from 
the outside (an operator, control section of an automatic analyzer, etc.), and impresses [ then, ] the 2nd 
predetermined electrical potential difference between a probe and a sample. Since the 2nd predetermined 
electrical potential difference is higher than the 1st predetermined electrical potential difference, the 
atom on the front face of a sample separates from a sample. The atom which is distant from a sample 
front face is ionized by irradiating with the laser light from a laser Mitsuteru gunner stage. This ion is 
drawn out by the ion extract means from a specimen container, and mass analysis is performed by the 
mass analysis means. Thereby, the part of a request of the front face of the observed sample can be 
analyzed. 
[0008] 

[Example] Drawing 1 - draw ing 4 explain the surface analysis equipment which is one example of this 
invention. Each equipment of the sample section 12, the extract electrode 13, the ion lens 14, the mass 
analysis section 15, and the ion detecting element 16 is arranged inside the vacuum chamber 1 1 
surrounding the whole, and a side face is equipped with the laser light generation section 17, and the 
surface analysis equipment of this example changes, as shown in drawing 1 (a). A vacuum chamber 1 1 
is held at the ultra-high vacuum of 10-9 - 10-lOTorr extent by the diffusion pump (DP), a turbo 
molecular pump (TMP), an ion pump (IP), etc. at the time of measurement. In addition, although TMP 
and DP were illustrated in drawing 1 (a), the class of pump is not limited to these and may be used in 
what kind of combination. 

[0009] The sample room 124 surrounding a probe 121 and a sample 122 is established in the sample 
section 12. Although the inside of the sample room 124 may be made to exhaust by the separate exhaust 
air system as shown in drawing 1 , it is good also as the same degree of vacuum (the above-mentioned 
ultra-high vacuum) as a vacuum chamber 11, without preparing it. A probe 121 makes acute the head of 
the needle made from metals (Tvmgsten W, platiniridium Ptir, etc.) by electric-field polish etc., and is 
attached in the lower part of the probe actuator 123. The probe actuator 123 consists of the drivers 24, 
25, and 26 made from a piezoelectric device which drive the probe holder 27 holding a probe 121, and 
the probe holder 27 in each direction of X, Y, and Z, as shown in d rawin g 2 . Expanding and contracting 
by impressing an electrical potential difference from the X-Y scanning circuit 22, the drivers 24 and 25 
of X and the direction of Y make parallel move a probe 121 to the front face of a sample 122. Expanding 
and contracting by impressing an electrical potential difference from Z actuation circuit 23, the driver 26 
of a Z direction moves a probe 121 vertically to the front face of a sample 122. Between the conductive 
probe holder 27 and the sample base in which a sample 122 is laid, the direct-current- voltage impression 
circuit 32 and the current detector 31 are formed. These X-Y scarming circuit 22, Z actuation circuit 23, 
the direct-current- voltage impression circuit 32, and the current detector 31 are connected to the probe 
control section 21 by each. In addition, the graphic display is omitted although it has the sample 
migration device for moving a sample base greatly in the sample room 124. 

[0010] As shown in d rawing 1 (b), the laser light generation section 17 prepared in the side face of a 
vacuum chamber 1 1 consists of the laser room 171 which builds in nitrogen (N2) laser, and the aperture 
172 of the glass which makes the generated laser light 18 penetrate, or the product made from a quartz. 
Laser **** 125 for passing the laser light 18 is formed in the side attachment wall of the sample room 
124 which counters the aperture 172 of this laser light generation section 17. In addition, apertures 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/19/2005 




which penetrate the laser light 18, such as glass and a quartz, may be fixed also to this laser **** 125. 
[001 1] The ion extract hole 126 is formed in the side attachment wall of another side of the sample room 
124. It is fixed to this ion extract hole 126, and the above-mentioned ion extract electrode 13 pulls out 
the ion in the sample room 124 to the direction of the ion lens 14 electrically. The ion lens 14, the mass 
analysis section 15, and the ion detecting element 16 can use the same thing as what is used with the 
conventional mass spectroscope. Although drawing 1 (a) shows the quadrupole mold mass spectroscope, 
it is also possible to use other mass spectroscopes, such as a time-of-flight mold. 
[0012] As shown in drawing 3 , each part of the sample section 12, the laser light generation section 17, 
the extract electrode 13, the ion lens 14, the mass analysis section 15, and the ion detecting element 16 is 
connected to the analysis control section 46 through the control section 21, driver (DR)41-44, and the 
amplifier 45 which were formed in each. The analysis control section 46 is constituted by the computer 
and the mouse 48 grade the display 47 for data output and for a directions input is connected to this. 
[0013] The flow chart of drawing 4 explains the procedure at the time of the surface analysis equipment 
of this example analyzing the front face of a sample 122, and actuation of equipment. First, when the 
analysis control section 46 controls the direct-current-voltage impression circuit 32 through the probe 
control section 21, a predetermined observation electrical potential difference (about [ Usually 0.1-2 ] V) 
is impressed between a sample 122 and a probe 121 (step SI). And a sample base is suspended, when a 
sample 122 is close brought at probe 121 head and tunnel current began to flow by moving a sample 
base to a Z direction. The current detector 31 performs detection of tunnel current. Next, the two- 
dimensional scan of the probe 121 is carried out to a sample 122 by the X-Y scanning circuit 22, and a 
probe 121 is made to go up and down by Z actuation circuit 23 so that the value of tunnel current may 
become fixed in the meantime (step S2). This moves along with the irregularity of the front face of a 
sample 122 in the head of a probe 121 between sample 122 front faces, with the predetermined spacing s 
held. By displaying change of the driver voltage of the X-Y scanning circuit 22 in the meantime and Z 
actuation circuit 23 in three dimensions, the concavo-convex image on the front face of a sample as 
shown in drawing 3 is obtained (step S3). 

[0014] An operator directs the part (x mark of drawing 3 ) which wants to see and analyze the concavo- 
convex image on the front face of a sample on a display 47 to the analysis control section 46 with the 
input device of mouse 48 grade (step S4). The analysis control section 46 moves to the part in which the 
probe 121 was directed by the X-Y scanning circuit 22, and it brings both close until tunnel current 
flows between a probe 121 and a sample 122 (step S5). And while making the laser light 18 irradiate 
into the sample room 124 from the laser light generation section 17, an electrical potential difference 
(about [ Usually 5-10 ] V) higher than the above-mentioned observation electrical potential difference is 
impressed between a probe 121 and a sample 122 by the direct-current- voltage impression circuit 32 
(step S6). Thereby, only the atom of the very shallow layer (number atomic layer) of the front face of a 
sample 122 leaves the front face of a sample 122, and volatilizes. 

[0015] The atom which volatilized is ionized by the laser light 18 and drawn out by the extract electrode 
13 from the sample room 124. Like the conventional mass spectroscope, the pulled-out ion 19 converges 
on ion incidence opening of the mass analysis section 15 with the ion lens 14, and mass analysis is 
carried out in the mass analysis section 15 and the ion detecting element 16 (step S7). The result of mass 
analysis is also displayed on a display 47 (step S8). 
[0016] 

[Effect of the Invention] In analysis apparatus, such as the conventional EPMA (Electron Probe 
MicroAnalyzer), and ESCA (Electron Spectroscopy for Chemical Analysis), AES (Auger Electron 
Spectroscope), since it was what analyzes by irradiating an electron beam in a part analyzing, even if it 
said that an analysis field was minute, the range was the order of mum. However, with the surface 
analysis equipment concerning this invention, since only the very minute field on the front face of a 
sample is atomized with an acute probe and mass analysis is performed, the field of nm order can be 
analyzed. Moreover, with the surface analysis equipment concerning this invention, since the three- 
dimension image of the front face of a sample can be first measured by the same approach as the usual 
STM, next mass analysis of the part of the arbitration in it can be performed, a more nearly many-sided 
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sample is analyzable. 
[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing of longitudinal section (a) showing the configuration of the surface analysis 
equipment which is one example of this invention, and the cross-sectional view of the sample section 
(b). 

[Drawing 2] The outline block diagram of the sample section. 

[Drawing 3] The block diagram showing the electric configuration of the surface analysis equipment of 
an example, 

[Drawing 4] The flow chart which shows the procedure of the surface analysis by the surface analysis 
equipment of an example. 
[Description of Notations] 
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)£©Mlls Sffi^tfe**, Kff 1 2 2 ©affi©IHfllc 
JBoT^ilf-S. J:©K©X-Y*fi|HlK2 2Rt;ZK 
Wm& 2 3 ©B»im£E©^jfc<£ 3 ^^CtcS^-TS t IC± 
0, H3»Ca%fi;534K«gH©IHfl«*<#en* (X 

x-y:/s 3) . 

(0 0 14] ^f^#tt. y=^x:fu^ 4 7 ±(Df&nmm 

©lafl^SMT, »«TbfcV>©^ (0 3©XRJ) 
X4 8«©X*«in?4^«fiW«l«4 6»C}&S'r4 (XT' 
30 y:/S4) . ^>«T«ffll8B4 6tt, X-Y^StlHlK2 2»C 

J;D::/d-:/i 2 i*jg^sn&ffim»c»»t. :/n- 
2 1 ttt«i 2 2 t©wt h>*;i/«iifE*«8fEns* 
rPi#*iecftt-6 (X5'y:/s 5) . -eUT. I/— tf- 

^le^^esi 7*^e.t«mi 2 4n^u-*i'-^i8^m 
WS-a-sttfefc, ilflg«£E8Ji)niHlK3 2lcJ;0::/^- 
:/ 1 2 1 ttSff 1 2 2 i:©HfC±EaS«JBE i D 

mjEE (a«, 5~i ovsa) ^mmfi> {xy-y^s 

6) , c:nicJ;0IS1^i 2 2 ©«H©#^lc^v^l (1$ 
B^^) ©Jl^©**tiS»i 2 2©«ii$f8n, »f6-r 

40 

(0 0 15] tf-3tl 8(riD-f:t 

Mfc^n. »ai«ffil 3tcJ;0IS^^l 2 475^e§lttll 
Sns. §lttll$nfc-l':t>l 9«. SE*©Rft4^«fe 
etl^tt, 'f:j->U>Xl4fCJ:0S*»«f8Sl 5©^' 

6151 6{C*ViTSfi^>#T$na (Xx5;:^S7) . RS 
5>tff©ilS*'bTi'XyU'f 4 7±{cSS^$n5 (Xt>;/ 
yS8) . 
(00 16] 

50 (^§q©^%] %3|S©EPMA (Electron Probe Micro 
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(4) 
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Analyzer) . ESCA (Electron Spectroscopy for Ch 
enical Analysis) . AES (Anger Electron Spectres 
cope) ^(D^«mm-V\i. i^WLfctiffimKm^-t-A 

=s:^timmm (a) Rummoimmm (b) . 



1 1 -xsa ■ 

1 2-K«sja 

1 2 i - v/D-::/ 

1 2 2"lifi 

1 2 3-:/D-:^Bi(ig5 
12 4-ftm^ 

1 2 5-1/— »f-3ie?L 
1 2 6--f:t>ata?L 
1 3 •••'f:t 

1 4"'f:t>k>X 

1 5-mm»m^ 

1 6-^:*->«itilg|5 

1 7...^-Hf_3t^,$« 

1 S-V— !f-it 

1 9-'f:t> 

2 i-yD-:/Mai|iK 

3 l-««E«^ttlllBS 
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